it to radiation doses 0, 0.3, 0.5, 1.0, 1.5, 2.0, 3.0, or 4.0 Gy. A 60 Co gamma ray source (gamma cell -Isscledavatel, Russia) was used to irradiate the blood at the dose rate of 12.5 mGy/s.
Introduction
The tools of biodosimetry for monitoring individuals exposed to environmental, occupational, clinical, or accidental radiation are background dataset and calibration dose-effect dataset. These datasets need to be created by each biodosimetry laboratory to strengthen their preparedness in response to radiation emergencies. In addition, calibration or dose-response curve can be generated with good regression coefficients but are characterized by linear energy transfer (LET) and dose rate of radiation source. Therefore, choosing an appropriate calibration dose-effect curve close to radiation source to which victim exposed in terms of LET and dose rate is required. The calibration of dose-effect for 60 Co gamma-ray source with dose rate of 12.5 mGy/s was chosen for this study.
Materials and Methods
Blood was drawn from 15 healthy donors (22-45 years of age) and each blood sample was divided into eight parts for exposing How to cite this article: Que T, Duy PN, Luyen BT. Calibration curve for dicentric chromosomes induced in human blood lymphocytes exposed to gamma rays at a dose rate of 12.5 mgy/ s. Genome Integr 2016;7:2.
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For reprints contact: reprints@medknow.com ABSTRACT are exposed in uniform radiation field if Chi-square value fits hypothesis value. [2, 7, 8] The correlation coefficient r (y, d) was used to find model equation, and recurrent equation was solved to find recurrent coefficients for independent curves, statistical and presenting general calibration dose-effect curve. [6] [7] [8] [9] [10] 
Results and Discussion
The dicentric data from 15 independent samples were used to generate a composite calibration curve. In this case, we notice that there are individual variations among the different samples. However, 120 data couples on related dose-dicentric were used to find Poisson distribution, linear correlated coefficients, model equation, experimental regressive coefficients, and general calibration equation of dose-effect curve.
Testing of Poisson distribution
Poisson distribution of dicentric chromosomes among metaphases was used to check the uniformity of the radiation field. A total of 548 dicentrics distributed in 758 cells with the number dicentric in each cell are presented in Table 1 .
Hypothesis of Poisson distribution was tested according to the standard of Chi-square with formula χ (α) which essentially means that dicentrics induced in the cells fited in Poisson distribution. This result ensured the reliability of the samples exposed in the uniform radiation field.
Finding model equation of dose-effect response
The correlation coefficient, r (y, d) = 0.514 ± 0.004, illustrates that there was a average linear correlation between doses and dicentric frequencies, but diagram [ Figure 1 ] of correlation between dose and frequencies of dicentric shows a parabolic form for all of 
In these equations, D i indicates the absorbed doses that used for exposing blood samples (eight doses) and y i is induced dicentric frequencies to D i . Using experimental data of dose-effect and using replaced method for solving of the set of three equations above produced, the recurrent values of α, β, and C are shown in Table 3 . Table 3 presents the values α, β, and C of 15 independent curves, the averages of these values were α = 1.01 ± 0.93; β Open Access
). The general experimental recurrent equation was y = 1.01D + 4.43D 2 + 0.56.
The dose-effect calibration curve is shown in Figure 1 (red -experimental data, blue -graph of the general calibration equation).
The data from our study indicated that the samples were exposed in the uniform radiation field. Poisson distribution (U-test) of dicentric chromosomes among metaphases was a parameter that used to check the uniformity of the radiation field. [2, 6, 7, 9] Consulting Chi-square table with k = 5, α = 0.05 had χ
(α), it means that induced dicentric distribution in the irradiation cells fitted well with Poisson distribution. This result ensured the reliability of the samples exposed in the uniform radiation field. Dose-effect relationship followed to the model equation with linear correlative coefficient. The correlation coefficient r (y, d) = 0.514 ± 0.004 did not fit linear correlation between doses and observed dicentric frequencies, but fitted reasonably well with an exponent correlation. A weak correlation coefficient r (y, d) = 0.514 ± 0.004 fitted with a dose-effect distribution y = αD + βD 2 + C that was in accordance with low LET radiation in observed source. Our result showed the suitability of the basic principles of radiation effects, such as dependence on LET in line with earlier reports. [2, 4, 6, [11] [12] [13] [14] [15] [16] The dependence of model equation on the LET as well as the dependence of the coefficient's rate α/β of the calibration equation of dose-effect on dose rate of radiation sources have been observed in earlier publications. [10] [11] [12] [13] [14] [15] [16] Solving of experimental recurrent equation y = αD + βD 2 + C showed the experimental recurrent coefficients α = 1.01 ± 0.93 (10 −2 Gy ), α/β = 0.228 and calibration dose-effect y = 1.01D + 4.43D 2 + 0.56. Our result showed the suitability of the basic principles of radiation effects, such as dependence on energy, LET, and dose rate.
Conclusion
Calibration of dose-effect was conducted for 60 Co gamma rays with dose rate of 12.5 mGy/s. The investigated data of 15 indipendent calibration curves presented that distribution of dicentric chromosome among metaphases of exposed cells was fitted a Poisson distribution with p = 95%, this evidence showed irradiation field was uniform radiation field. 
